Objectives: To examine virtual training on Crew Resource
Introduction
Interprofessional education (IPE) aims to prepare health professional students for purposeful, collaborative work towards a common goal of delivering safe, patient-centered care. 1 Healthcare disciplines-nursing, medicine, pharmacy, public health, social work, dentistry-have identified the need for interprofessional collaboration, teamwork, and effective communication in their respective core competencies and program requirements. [2] [3] [4] [5] [6] Optimal patient care occurs within a culture that promotes cooperation and open communication within the interprofessional team while integrating patient needs into the plan of care. [2] [3] [4] [5] [6] In 2016, the Interprofessional Education Collaborative (IPEC) reaffirmed the value and impact of the core competencies originally developed in 2011, which included interprofessional teamwork/team-based practice and interprofessional communication. 1, 7 Miscommunication continues to be a primary cause of sentinel events despite consensus on the need for effective teams and interprofessional communication. 8 Strategies designed to improve communication and teamwork within the interprofessional team is needed. Crew Resource Management (CRM), which focuses on the management of human error and risk reduction in the environment, is one training method with unique characteristics that have shown promise in mitigating risks stemming from communication failures in healthcare. 9 The principles of CRM, with its aviation industry roots, require crew members to identify threats in the environment, communicate those threats to a person in charge, and collectively develop a plan for error mitigation. 10 A recent metaanalysis showed CRM training to have a large positive effect on participants' knowledge and behaviors and a small effect on attitudes. 11 Effective leadership and followership, situational awareness, assertive communication strategies, human factors issues, and checklists are concepts covered in CRM training.
CRM training has shown to improve patient safety behaviors and outcomes, including patient mortality, operating room efficiencies (e.g., delays, handoffs), and medication error rates. 12, 13 After a system-wide rollout of CRM training (n= 3600 health system employees in 12 areas) in one Midwestern health system, the number of adverse events avoided was 735, a 25.7% reduction in observed relative to expected events. Additionally, the cost savings over three years ranged from $12.6 to $28.0 million, with a return on investment of $9.1 to $24.4 million. 14, 15 Furthermore, Haerkens and colleagues-in a 3-year cohort study in the intensive care unitreported a significant decrease in complication rate pre-(67.1/1000 patients) to post-training (50.9/1000 patients) with a corresponding decrease in odds of mortality. The incidence of cardiac arrests also decreased, with cardiac resuscitation success rates increasing from 19% to 67%.
Integrating CRM principles into the educational curriculum of the interdisciplinary team may be what is needed to improve the collaborative work of the healthcare team, subsequently improving patient care. Despite the desire to integrate IPE content related to providing effective teams and communication into health discipline curricula, barriers related to cost, labor, lack of faculty support, and inter-school scheduling conflicts continue to impact the opportunity for joint training. 16 Staff shortages, location accessibility, and training delivery modalities add to the difficulty of conducting a successful training session. 17 Additionally, training not directly related to a course for students or required for staff in the healthcare field limit accessibility and willingness to participate. 18 Standard, didactic, face-to-face training sessions do not allow for the versatility needed to reach the full interpersonal team effectively. For this reason, use of virtual modalities was explored. The purpose of this study was to examine a virtual interprofessional education focused on the CRM principles of effective leadership and followership on participants' knowledge, practical applicability, and intended behaviors. Specifically, it was hypothesized that CRM knowledge would increase post-training. Additionally, it was believed that participants would recognize the applicability of the CRM tools, reporting intentions to use CRM strategies in their respective practice upon completion of the CRM training.
Methods

Study design and participants
This study utilized a pre-post, test design, with a sample of healthcare professionals currently enrolled in graduate studies (e.g., nursing, medicine, pharmacy, and social work) at one Midwestern University. Recruitment for participation in the study occurred through two primary modalities: (1) an email invitation from department faculty in the respective disciplines, and (2) an introductory presentation on CRM from the principal investigator at a jointly sponsored event by the Institute for Healthcare Improvement (IHI) Open School and the Interprofessional Health Student Organization (IHSO) at the respective university. A total of 53 graduate students signed up to complete the CRM module, with 41 students (response rate 77%) completing the module and pre-/post-knowledge test. The majority of participants completing the CRM module were pharmacy students (n=18), followed by medicine (n=15), nursing (n=6), and social work (n=2). Ten students participated in the CRM simulation session, which was an optional component of the CRM training. The affiliated Institutional Review Board deemed the study exempt prior to conduction of the study. The exemption was determined since the study was conducted in an established educational setting involving normal education practices.
Intervention
The primary competency for the CRM training was for participants to implement effective leadership and followership strategies in the healthcare environment, optimizing patient outcomes and care processes. The CRM training intervention consisted of two components: a self-learning educational module, and a CRM-focused virtual simulation session. Participants had the option of completing both components of the training or just the self-learning module. A group of staff nurses previously evaluated the components of the module and found the training to be very applicable to their work. Specific details regarding the training development and beta testing are reported in detail elsewhere, but highlights are provided here. 18 CRM Self-Learning Module. The online CRM module was offered through an online learning platform. The CRM training module was comprised of narrated slides and video vignettes containing key CRM concepts related to effective leadership and followership. Specifically, leadership topics included types of leaders, effective leadership skills (e.g., inviting participation, engaging the team, asking team questions), closed-loop communication, huddles, debriefings, and checklists. Effective followership content included types of followers, avoidance of hint and hoping in communication, and a description of the Effective Followership Algorithm, which provides communication tools for escalating communication. 19 The Effective Followership Algorithm provides healthcare professionals with specific actions that can be taken when his/her viewpoint is not being heard. This begins with the 3Ws (e.g., What I see…, What I am concerned about…, and What I want…). The phrases within the 3Ws provide a script for how to clearly, succinctly communicate key elements in a given clinical scenario. In the event a professional feels the need to escalate the communication further, he/she could use the 4 Step Assertive Tool (e.g., Get Attention, State Concern, Offer Alternative, Pose a Question). Additional actions that can be taken at any time during the escalating situation include engaging the team, taking action, or using the chain of command.
Within the CRM module, the narrated slides provided a brief overview of the CRM concepts, with video vignettes role-playing the CRM concepts in practice. Students received access to the learning module by the principal investigator, with instructions on how to complete the training. The module could be completed in one or multiple sessions, depending on the participant's preference. Completion of the module was expected to take 60-90 minutes, and all participants were provided an incentive for their participation.
CRM Simulation Session. The CRM virtual simulationan optional component of the training-was designed to provide participants with an opportunity to practice the CRM skills learned in the module. The virtual platform used for the simulation session was Second Life, an open-access multiuser virtual environment that uses avatars to interact with the environment. Second Life supports a high degree of interactivity, including role-plays and simulations, thus providing a rich environment for multi-disciplinary team training. 20 A virtual hospital-used in previous research-was used as the background for the simulation session.
During the CRM simulation session, a recap of the key principles of CRM was given, followed by participation in three virtual scenarios requiring participants to use effective leadership or followership skills. Two of the scenarios (Table  1 ) required participants to use the Effective Followership Algorithm, as the scenario was scripted in a way that required an escalation of communication among the healthcare team. A final scenario required participants to lead a daily huddle for their patients among the interprofessional team. In each scenario, participants played the role of their specific discipline (e.g., the pharmacy student played the role of the pharmacist). The facilitators (e.g., the principal investigator and two graduate students) of the simulation session played the role of the other disciplines as needed. A debrief was conducted after each scenario, asking participants to identify what went well, what could have been done differently, and the applicability of the CRM principles to practice.
Despite the use of a virtual platform, the simulation sessions occurred in the school of nursing to decrease the risk of any technical malfunctions that may have affected the study. One individual completed the training virtually without any difficulty. Each simulation session-conducted over a twoday period-included 1-3 participants from four disciplines. Upon arrival, the facilitator provided an overview of the virtual simulation agenda, and participants moved into separate rooms to simulate an individual off-site learning experience. Each student was equipped with a computer, a microphone headset, and a printout of CRM communication tools. The session lasted approximately 60 minutes, and all participants received an incentive (e.g., an Amazon gift card) for participation. 
CRM training evaluation
Participants completed an evaluation after each component of the training to examine the effectiveness of the CRM training on knowledge, practical applicability, and intended behaviors. To examine knowledge around CRM, participants completed a 10-point multiple choice pre-and post-test aimed to measure learner understanding of effective leadership and followership principles. Both knowledge tests consisted of knowledge (e.g., At what point in the Effective Followership Algorithm should someone Take Action as his or her next step?) and application questions (e.g., You are in Mr. Smith's room taking vitals when you see that his blood pressure and heart rate are abnormally high. Which of the following statements best communicates the information in a direct and concise manner?) A correct response resulted in the achievement of one point, for a maximum of 10 points if all responses were correct. The knowledge tests had previously been reviewed for face validity, relevancy, and alignment with CRM content. 18 The knowledge tests were embedded into the CRM module.
To examine intended behaviors and overall applicability with the CRM training, a survey was given to the participants at the completion of both components of the training. The survey consisted of 11 items asking questions related to training content, teaching strategy, intended use, and applicability to practice. 21 The majority of items were measured on a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree).
Three items were open-ended questions aimed at identifying the most beneficial aspect of the training, the best area for improvement, and the content most useful to their practice. The tool had been used in other studies. 18, 21 Participants completed the survey after each training component. Those completing both aspects of the training (e.g., the module and the simulation) completed the survey twice, reflecting on their experience with each component of the training specialty.
Data analysis
Data were analyzed using SPSS® (Chicago, IL) Version 24.0 for Windows® software. Computations for means, ranges, and standard deviations were completed. To determine the effectiveness of the CRM training, a paired t-test was used to compare knowledge scores pre-and post-training. Additionally, comparisons of knowledge means were made between the various disciplines using Analysis of variance (ANOVA). The Post-hoc tests that were performed used Bonferroni correction. Additionally, an ANOVA was conducted to compare discipline responses to the effectiveness of the training (e.g., intended behaviors, practice applicability). Confidence intervals were set at 95% and a p-value of < .05 was considered statistically significant. Due to a very small sample of social work students completing the training, data from these students were removed for the inferential statistical analysis evaluating discipline variation.
Results
Knowledge
Pretest knowledge score, for all disciplines, had a mean score of 7.07 (SD=1.57), with a range of 3-10 ( Table 2 ). Social work students had the lowest pre-test knowledge score, followed by the pharmacy, nursing, and medical students. ANOVA identified no significant variations between the disciplines for the pre-knowledge test scores (F(2, 36) =2.05, p=0.14).
Post-knowledge test scores improved as evidenced by a mean score of 9.63 (SD=0.58) for all disciplines, with a range of 8-10. Nurses received a perfect post-test score mean of 10.0, followed by improved scores from medicine, social work, and pharmacy. The paired t-test was used to compare the mean scores of the pre-test (7.07±1.57) and post-test (9.63±0.58), which showed significant improvements in knowledge [t(40)=10.47, p<.001]. Furthermore, ANOVA showed a significant difference in the post-knowledge scores between disciplines [F(2,36) = 5.99, p=.006]. Specifically, a significant difference was noted between pharmacy students and both medicine (p=.017) and nursing students (p=.03). No difference was noted between nursing and medicine students (p=1.0).
Applicability and intended behaviors-CRM module
Participants were asked to examine the applicability, and intended use of skills learned in the CRM module via a posttraining survey (Table 3 ). The CRM concepts applied to patient care as a way to reduce harm (4.59 ± 0.5). Students reported learning new skills and knowledge from the module (4.17 ± 0.53) and intended to use the skills/knowledge gained from the training in clinical practice (4.29 ± 0.56). The CRM module was noted to be worthwhile (4.27 ± 0.59) and students thought the teaching strategies were effective (4.13 ± 0.83). Overall, students recommended this module to other clinicians (4.32 ± 0.72) and indicated they were interested in more training similar to the CRM training (3.9 ± 0.70). In response to the question related to the content most useful to practice, the respondents denoted content related to closed loop communication (e.g., communication receiver repeats back the sender's words) and the Effective Followership Algorithm. Discipline-specific feedback on the CRM module was also examined (Table 3) . Nurses found the concepts to be most applicable to care (5.0 ± 0.0) and saw themselves using the skills/knowledge gained in the session in clinical practice (4.67±0.52) more than any other discipline. Additionally, nurses recommended the training to other clinicians and were interested in more training similar to CRM (4.17 ± 0.41). The social work student reported the highest mean associated with developing new skills/knowledge (4.5±0.71) and acknowledged use of effective teaching strategies in the module (5.0±0.0). Pharmacy students reported the CRM training to be the most worthwhile (4.39 ± 0.61) over all other disciplines. Although scores remained high (e.g., above four on all but one item), medical students rated each aspect of the training the lowest among the disciplines (e.g., the applicability of the CRM principles, development of new skills/knowledge and use of these skills, the recommendation of training to others, etc.). Despite this, ANOVA analysis revealed no significant differences among the disciplines' response to CRM module applicability and intended behaviors. In a free text response to what the students liked best about the module training, several students accredited how the CRM concepts were presented. This included comments such as "the video examples were helpful to see the theories in action (No 1, social work student)" and "the powerpoint slide lectures were concise and easy to follow which helped with retaining the most important elements (No 2, pharmacy student)." Several respondents also emphasized the applicability to real life, as evidenced by this comment: "I enjoyed the example situations that were specific to my discipline and I thought they were realistic (No 3, pharmacy student)." Some areas for improvement that the students cited included the amount of time the module took and the lack of interaction, stating, "Some of the powerpoint style videos were too long/too many (No 4, medical student)" and "more questions/quizzes interspersed would be good to check understanding and make it more interactive (No 5, pharmacy student)."
Applicability and intended behaviors-CRM simulation training
Students from three different disciplines participated in the simulation: pharmacy (n=7), nursing (n = 2), and social work (n = 1). Due to the very small sample, only descriptive statistics were computed (Table 4 ). Similar to the CRM module feedback, the students strongly believed the CRM simulation session was worthwhile (4.9 ± 0.32) and believed they developed new skills and knowledge (4.9±0.32). They also strongly believed that the CRM concepts applied to patient care (4.9 ± 0.32) and could see themselves using these skills in the clinical setting (4.9 ± 0.32). The respondents unanimously and strongly agreed that the teaching strategies were effective, and that they would recommend this training to other clinicians (5± 0.0). They also strongly agreed they would be interested in more training similar to this (4.9 ± 0.32). One aspect the respondents liked about the simulation training session was the interactive nature, as noted by one learner who stated that "being virtual was much more interactive than the video modules and that was helpful for practicing and solidifying the techniques (No 1, student)." They also appreciated the applicability to clinical practice, commenting that "the role-playing was more realistic (No 4, student)." An area the respondents cited for improvement was more of an emphasis on increasing interprofessional participation, suggesting it be "incorporated into the IPE course (No 5, student)." Overall, the CRM session was worthwhile.
4.9±0.32
The teaching strategies used in this session were effective. 5.0±0.0 I would recommend this training for other clinicians. 5.0±0.0 I would be interested in more training that is similar to this training. 4.9±0.32
Discussion
The purpose of this study was to examine the effectiveness of a virtual interprofessional education focused on the CRM principles of effective leadership and followership on participant's knowledge, practical applicability, and intended behaviors. It was hypothesized that CRM knowledge would increase post training. This hypothesis was fully supported, as improvements in knowledge of effective leadership and followership were significant post-CRM training. This finding is similar to several other studies that have noted improved knowledge among participants. 22, 23 The most significant improvement of knowledge was noted for social work students. This may be because they do not receive specific training on effective leadership/followership, or it may be that social work students initially did not see themselves as 'leaders'. Nurses had the second highest improvement in knowledge gained. This, in part, may be because current nursing curriculum focuses on effective leadership, but not how to be an effective follower (e.g., avoiding hinting and hoping, and recognizing the pivotal role that followers have inpatient care). Additionally, the CRM training provides nurses (and other disciplines) with tools to succinctly communicate escalating concerns regarding a patient's status. Pharmacy studentsdespite improvements in knowledge post CRM traininghad a significantly lower post-test score than nurses and medical students. This may be related to their education (e.g., limited curriculum focused on leadership/followership) and perceived practice role. An objective of CRM is for all healthcare professionals to recognize the significant role they play in practice, which requires situations for leadership and followership. When the full interprofessional team integrates CRM principles (e.g., effective leadership and followership), improvements in patient outcomes result. 12, 13 The second hypothesis stated that learners would recognize the applicability of the CRM tools to practice, having intentions to incorporate CRM strategies into their clinical setting upon completion of the CRM training. Post-evaluation supported this hypothesis as students strongly agreed that the CRM training was worthwhile and applicable to practice. Students also reported their intention to implement CRM training in their practice. This finding is in line with previous studies that reported behavior change post-training. 24, 25 The teaching strategies-which were also highly rated-took advantage of a virtual platform as a means to engage all members of the healthcare team. The video vignettes were valued, and students liked the opportunity to 'see' the CRM concepts in real life scenarios. Additionally, the simulation session provided a safe place for students to practice their skills. Several students commented on the realism of the simulations and liked the opportunity to practice their newly acquired skills. Further studies need to truly determine how this type of training translates into practice for the interprofessional team. Specifically, studies should examine the use of CRM principles and strategies through observation in the clinical setting to determine the effect of CRM training on behavior. Variations in feedback from the disciplines existed but were not significant. Despite the high ratings from all disciplines, medical students reported lower applicability and worth of the training as compared to all other disciplines. Chan and colleagues found similar findings after implementing CRM training, in that nurses rated the overall usefulness, applicability, and satisfaction higher than their medical counterparts. 27 In many instances, physicians play the role of team lead during patient care. Medical students have reported themselves as being fully competent in communication (90%), and conflict management (70%), which means the need for CRM training (e.g., effective followership) may not be clearly recognized. 28 In contrast, other disciplines may see the need for CRM tools such as the Effective Followership Algorithm as beneficial for escalating communication concerns within the interprofessional team.
Clear and concise communication in a deteriorating patient situation can be difficult. The participants identified the Effective Followership Algorithm as the most useful aspect of the training. Healthcare professionals desire tools-rather than theoretical concepts-that are useful in practice. The algorithm provides a step-by-step process for effectively and efficiently articulating essential information during critical patient situations.
Those participating in the CRM simulation session reported very high levels of applicability and value, finding the session to be worthwhile and an excellent opportunity to practice use of CRM principles. Engaging the participant directly through role play allows them to engage in the learning experience fully and provides an opportunity to practice newly-learned skills. Further studies need to assess how experience with simulation may transfer into actual behaviors in the clinical setting. Specifically, does allowing learners to practice leadership and followership skills in a safe environment (e.g., simulation) result in more confidence and subsequent use of CRM tools in the clinical setting?
Several limitations to the study are noteworthy. The study design did not include randomization or a control group. This poses threats to internal validity that must be considered when interpreting the findings. Generalizability is limited since the sample size was relatively small, with discipline-specific samples varying greatly. This warrants further study with larger samples of all members of the interprofessional team. Understanding the variations in discipline feedback may assist with further enhancing the IPE experience. For example, the CRM simulation scenario focused on the daily huddle/briefing by nurses and was thus framed in a manner that made sense to nursing workflow (e.g., beginning of shift, meeting with the nursing staff/team). That same workflow may not be feasible for other disciplines. Revisions to the simulations are needed to incorporate more disciplinespecific engagement. A further limitation exists due to the fact that there was only a small number of participants; thus, generalizability is limited. Regression to the mean must also be considered as the participants may have simply had a higher 'average' score than if a random sample of students had been identified. Additionally, only a small number of participants completed both aspects of the training. Thus, applicability and value of the CRM training might have improved had both aspects of the training been completed. Those that did participate in the simulation session were very positive about the experience, noting very high degrees of value and applicability.
Conclusions
Effective communication and teamwork among the interprofessional team are essential to optimal care. IPE is an avenue to create a platform for deliberate cross-discipline training, where students are required to work collaboratively towards high-quality care. Effective teamwork and communication are core competencies in all healthcare disciplines; therefore, strategies that minimize barriers to IPE must be developed. CRM training has resulted in improved team knowledge and behavior, resulting in high-quality care. In this study, knowledge improved significantly, with high levels of agreement in the applicability and intended use of CRM tools in the clinical setting post-training. Communication among the interprofessional team is paramount for high quality care. Utilizing the tools and strategies provided by this CRM training could result in improved teamwork and patient outcomes. Further studies are warranted to examine utilization of CRM principles in practice and their effect on professional and patient outcomes.
Engaging the healthcare team in any interprofessional education is difficult, due to variations in schedules, job responsibilities, and workflow within healthcare. The CRM training module evaluated in this study, which utilized a virtual platform, allowed for engagement without the necessity of being face-to-face in a given location. This format allows for engagement of multiple disciplines without the need of geographical proximity; thus, scaling of the training for widespread dissemination will be relatively simple and cost-effective.
